Points from the AIMD data set were selected with the following procedure. All reacted and 50 scattered trajectories were used from a previous AIMD study [1], of which only 10% of the steps in the trajectories have initially been selected. From those selected steps, it is made sure that the methane geometry in a selected step is not too similar to other previously selected steps. The acceptance criterium for this selection is min = 0.2Å, where j > min for j = 1, . . . , N (S1)
affected the reaction probability. During the process of identifying missing structures, about 20 points in the van der Waals well region were included as well. Also 500 points from the elbow plot showing the minimum barrier where all degrees of freedom other than Z and r are relaxed were included (see Figure   1c ). Finally, vibrational modes were sampled in a random fashion according to a nozzle temperature of 1200 K, on both an ideal and thermally distorted surface (but note that the ideal surface still includes a lattice expansion) at random locations with respect to the surface, resulting in 2000 points. Using the aforementioned procedures a total number of 38,000 of points were obtained that formed the training and testing data set. Finally, the total energy for all structures in the training and testing data set obtained with both DFT and the HD-NNP are compared in Figure S1 , showing excellent agreement between the HD-NNP and direct DFT calculations.
S2 Symmetry functions
Considering the used symmetry functions and fitting procedure have been described in earlier studies[2-6], we will only give a short summary here for the symmetry functions and their parameters [4] . As discussed in the main article, the total energy is a sum of atomic contributions that are dependent on the energetically relevant local environment, which is described by many-body atom-centered symmetry functions. This local environment is defined by the following cut-off function
where R c = 13a 0 for all symmetry functions. The radial symmetry functions are
where R i,j is the internuclear distance between atoms i and j, and η and R s are parameters characterizing the function form, for which R s = 0 in all cases. Furthermore, the angular symmetry functions are
where θ i,j,k = Ri,j ·R i,k
Ri,j R i,k , and η, ζ and λ are parameters characterizing the function form, for which η = 0 in all cases. The parameters used for the radial and angular symmetry functions are given in Tables S1-S6.
S2

S3 Molecular initial conditions
The molecular initial conditions have been set up following the same procedure previously used for CHD 3 on Ni(111), Pt(111) and Cu(111) [1, 7, 8 ] and therefore will not be discussed further here. The initial translational energy distribution of the molecules has been simulated according to experimental molecular beam parameters (stream velocities and width parameters) [7] , which are provided in Table   S7 . Experimental beam parameters are available for nozzle temperatures lower than 900 K[7, 8], but we choose to take the width parameter simply as α = 0.05ν 0 ,which is in reasonable agreement with experiment as can be seen in Figure S2 . The width parameters for 950 and 1000 K were obtained by extrapolating experimental width parameters obtained by Utz and co-workers [7] . Although α = 0.055ν 0 would have been a better approximation, this does not have a large effect on the results presented in this work. Moreover, the translational energy was obtained as an average from the flux weighted velocity distribution[9, 10]:
where N ν is a normalization factor. The stream velocities are obtained by fitting the experimental data using a linear fit (see Figure S3 ). The exception is the stream velocities for T n = 900 and 1000 K, for which the stream velocities previously used in the AIMD study[1] are taken.
S4 Elbow plots
Due to the difficulty of relaxing the methane geometry in 13 degrees of freedom, a smoothing function was used for the elbow plot in Figure 1c and 4b. Figure S5 shows the elbow plot in Figure 1c without smoothing, where the HD-NNP and direct DFT calculations are still in good agreement.
Furthermore, Figure S6 shows the elbow plots for methane on Cu (111) and Ni (111)[7]. The obtained
MEPs seem very similar, where the main difference is that on Ni(111) the barrier is earlier and the barrier height is lower compared to Cu(111). However, when the energy along the MEP is taken into account as well (see Figure S7 ), it is observed that the MEP of Cu (111) is much more repulsive. Therefore, methane needs a considerably higher energy in order to overcome the barrier, causing trajectories in general to experience the bobsled effect.
S5 Statistical analysis
A statistical analysis is performed in order to see whether the HD-NNP and AIMD reaction probabilities are in agreement. Fischer's exact test[11] is used to evaluate our null hypothesis, which is defined here S3 as P HD−N N P = P AIM D . The results obtained both with the HD-NNP and AIMD using a significance level of α = 0.05 are in agreement, hence, our conclusion is that the reaction probabilities obtained with the HD-NNP and AIMD are in agreement.
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